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Low Power Pulse Width Modulator

FEATURES

e Low Power BICMOS Process
e 85uA Start-up Current

L ]

1mA Run Current

Voltage Feed Forward

Optocoupler Interface

¢ 500kHz Operation

e Soft Start

e Fault Counting Shutdown

1A Peak Gaie Drive Output

Procgrammable Duty Cycle Clamp

e Fault Latch Off or Automatic Restart

Ml UCC1570
I INFO UCC2570
available UcCc3s70

DESCRIPTION

The UCC1570 family of pulse width modulators is intended for application
in isolated switching supplies using primary side control and a voltage
mode feedback loop. Made with a BICMOS process, these devices feature
low startup current for efficient off-line starting with a bootstrapped low voli-
age supply. Operating current is also very low; yet these devices maintain
the ability to drive a power MOSFET gate at frequencies above 500kHz.

Voltage feedforward provides fast and accurate response to wide line volt-
age variation without the noise sensitivity of current mode control. Fast cur-
rent limiting is included with the ability to latch off after a programmable
number of repetitive faults has occurred. This allows the power supply to
ride through a temporary overload, while still shutting down in the event of
a permanent fault. Additional versatility is provided with a maximum duty
cycle clamp programmable within a 20% to 80% range and line voltage
sensing with a programmable window of allowable operation.
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UCC1570

ucC2570
UCC3570
ABSOLUTE MAXIMUM RATINGS CONNECTION DIAGRAMS
Supply Voltage
(Limit Supply Current to 20mA) . . .. . .. Self Limiting at 15V DIL-14 (TOP VIEW)
Supply CUIFENL . ... +20mA N or J Package
Analog Inputs (CURLIM, VFWD, FEEBK) .............. 6V \_J
Programming Current lgyopg, IseT + v v v vevr v enn —-1mA
Output Current lgyt COUNT E ESOFTST
DI oo oo comorsommom ot - BT O LSk +180mA CURLIM [2 13|GND
PUIETOBIMIS), sviemsans san s im s b i s s +1.2A E :|
Note: All voltages are with respect fo GND. Currents are posi- ves E E] VREEF
live info the specified terminal. Consult Packaging Section of ouT E E FREQ
Databook for thermal limitations and considerations of pack-
b PGND [5] [10|RAMP
VFWD [6]| [9]ISET
ORDERING INFORMATION SLOPE [7. 8 |FEEDBK
| Temperature Range Package
UCC1570J —55°C to +125°C Ceramic Dip
ucC2570D —40°C to +85°C SOIQ . SOIC-14 (TOP VIEW)
UCC2750N Plastic Dip
— = D Package
UCC3570D 0°C to 4+70°C SOIC
UCC3570N Plastic Dip GOUNT[T] | ~ [ SOFTST
CURLIM [2] 13] GND
VCC [3] 12| VREF
OuUT [4] 1] FREQ
PGND [5] 10] RAMP
VFWD [6] 9] ISET
SLOPE [7] 8] FEEDBK

ELECTRICAL CHARACTERISTICS: Unless otherwise stated, these specifications apply for Ta= 0 to 70°C for the
UCCB3570, Ta= —40 to 85°C for the UCC2570, Ta=—55 to 125°C for the UCC1570, Riset=100k, RgLope=121K, Crreq=180pF,

Cramp=150pF, VCC=11V and Ta=T,.

PARAMETER ] TEST CONDITIONS | min | Typ [ Mmax [ units |
Reference
VREF VCC =10 to 13V, lyaer = 0 to 2mA 49 | 5 |[ 51 | V
Line Regulation VCC =10to 13V 2 | 10 mv
Load Regulation lygeg = 0 to 2mA 2 10 | mV |
Short Circuit Current VREF =0 10 | 50 mA
vCC ~
Vth (Cn) 12 13 v
Vth (Off) 8 9 10 | V|
Hysteresis o - 3 4 5 v
VCC lyce = 10mA 13.5 15 16 | V|
__ lvee Start VCC =11V, VCC Comparator Off | 85 150 KA
lvce Run B VCC Comparator On | 1 1.5 mA
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UCC2570
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ELECTRICAL CHARACTERISTICS: Unless otherwise stated, these specifications apply for Ta = 0 to 70°C for the
UCC3570, Ta= —40 to 85°C for the UCC2570, Ta=—55 to 125°C for the UCC1570, RigeT=100k, RsLope=121k, Crreq=180pF,

Cranmp=150pF, VCC=11V and Ta=T.

PARAMETER

TEST CONDITIONS [ Min [ Typ | Max | units |

Line Sense

_Vth High Line Comparator

3.9 4 4.1 v

Vth Low Line Comparator

0.96 1 1.04 V

lib (VFWD)

0 +100 nA

Oscillator

[ 90 | 100 | 110 | kHz |

Freguency
Ramp Generator

Iramp/lsLoPE

9 [ 10 ] 11 [ aA

—Irane/liseT

9 | 10 | 11 | AA

Peak Ramp Voltage

3.8 4 4.2 V'

Valley Ramp Voltage

095 | 1 1.05 v

ISET Volitage Level

095 | 1 |105]| V

‘Soft Start ] -
Saturation VCC = 11V, VCC Comparator Off - 25 100 | mV
IsorFTsT/lISET - 0.8 1 1.2 | AA |

| Pulse Width Modulator
lib(FEEDBK) 0 100 | nA
FEEDBK Zero Duty Cycle 09 | 1 1.1 vV |

'Maximum Duty Cycle, (Note 1) 3.8 | 4 4.2 v

Current Limit

lib(CURLIM)

0 +100 nA

Vih Current Limi.t

180 | 200 | 220 | mv

Vth Shutdown

500 | 600 | 700 | mv |

Fault Counter

vih i 3.8 4 4.2 v
Vsat 0 | 100 mV
lcount/liseT | ) - 0.8 1 1.2 | AA
Output Driver ] ——
Vsat High ) lgut = =100mA 0.4 1 vV
| Vsal Low louyr =100mA 0.4 1 V
Rise/Fall Time Cout = 1nF, (Note 1) 20 100 | ns

Note 1: This parameter guaranteed by design but not 100% tested in praduction.

PIN DESCRIPTIONS

VCC: Chip supply voltage pin. Bypass to PGND with a VFWD: Voltage Feed Forward and Line Sense pin. Con-
low ESL/ESR 0.1pF capacitor plus a capacitor for gate  nect to input DC line using a resistive divider.

oharge storage. Lead lengths must be minimum. SLOPE: Program the charging current for RAMP with a
PGND: Ground pin for the output driver. Keep connec-  resistor from this pin to GND. This pin will follow VFWD.

tions less than 2cm. Carefully maintain low impedance  ppepgk: |nput to the pulse width modulator comparator.

path for high current return.

Drive this pin with an optocoupler to GND and a resistor

OUT: Gate drive output pin. Connect to the gate of a to VREF. Modulation input range is from 1V to 4V.
power MOSFET with a resistor greater than 2Q. Keep |ggT: A resistor from this pin to GND programs RAMP

connection lengths under 2cm.

discharge current, FREQ current, SOFTST current, and
COUNT current.



PIN DESCRIPTIONS (cont.)

RAMP: Ramp Pin. Connect a capacitor to GND. Rising
slope is programmed by current in SLOPE. This slope is
compared to FEEDBK for pulse width modulation. The
falling slope is programmed by the current in ISET and
used to limit maximum duty cycle.

FREQ: Oscillator pin. Program the frequency with a ca-
pacitor to GND.

VREF: Precision 5V reference, and bypass point for in-
ternal circuitry. Bypass this pin with a 1pF minimum ca-
pacitor to GND.

GND: Analog ground. Connect to a low impedance

UCC1570
uCcC2570
UCC3570

ground plane containing all analog low current returns.

SOFTST: Soft start pin. Program with a capacitor to
GND.

COUNT: Program the time that fault events will be toler-
ated before shutdown occurs with a capacitor and resis-
tor to GND.

CURLIM: Current Limit Sense pin. Terminates OUT gate
drive pulse for inputs over 0.2V. Enables fault counting
function (COUNT). For inputs over 0.6V, the shutdown
latch is activated.

APPLICATION INFORMATION

(Note: Refer to Typical Application for external compo-
nent names.) All the equations given below should be
considered as first order approximations with final values
determined empirically for a specific application.

Power Sequencing

VCC normally connects through a high impedance (R5)
to the rectified line, with an additional path(R6) to a low
voltage, bootstrap on the winding power transformer.
VFWD normally connects to a divider (R1 and R2) from
the rectified line. For circuit activation, all of the following
considerations are required:

1. VFWD between 1V and 4V

2. VCC has been under 9V (to reset the shutdown
latch)

3. VCC over 13V

At this time, the circuit will activate. lyge will increase
from its start up value of 85uA to its run value of TmA.
The capacitor on SOFTST is charged with a current de-
termined by:

1V
~IsorrsT =54

When SOFTST rises above 1V, output pulses will begin
and lygg will further rise to a level dictated by gate
charge requirements aslygc = 1TmA + QTfs. With output
pulses, the low voltage bootstrap winding should now
power the controller. If VCC falls below 9V, the controller
will turn off and the start sequence will reset and retry.

VCC Clamp

An internal shunt regulator clamps VCC so that it will not
exceed 15V.

Output Inhibit

During normal operation, QUT is driven high at the start
of a clock period and back low when RAMP either
crosses FEEDBK or equals 4V. If, however, any of the
following occur, OUT is immediately driven low for the re-
mainder of the clock period:

1. VFWD is outside the range of 1V to 4V
2. CURLIM is greater than 0.2V
3. FEEDBK or SOFTST is less than 1V

Normal output pulses will not resume until the beginning
of the next clock period in which none of the above con-
ditions exist.

Current Limiting

CURLIM is monitored by two internal comparators. The
current limit comparator threshold is 0.2V. If the current
limit comparatar is triggered, OUT is immediately driven
low and held low for the remainder of the clock cycle,
providing pulse-by-pulse overcurrent control for exces-
sive loads. This comparator also causes CF to be
charged for the remainder of the clock cycle. The charg-
ing current is

v
~lcount =57

If repetitive cycles are terminated by the current limit
comparator causing COUNT to rise above 4V, the shut-
down latch is set. The COUNT integration delay feature
will be bypassed by the shuidown comparator which has
a 0.6V threshold. The shutdown comparator immediately
sets the shutdown latch. Rg in parallel with Cg resets the

COUNT integrator following transient faults. R must be

(4e R4)
greater than ———
(1-D



APPLICATION INFORMATION (cont.)
Latched Shuidown

If CURLIM rises above 0.6V, or COUNT rises to 4V, the
shutdown latch will be set. This will force OUT low, dis-
charge SOFTST and COUNT, and reduce lycc to ap-
proximately 1mA. When, and if, VCC falls below 9V, the
shutdown latch will reset and Iy will fall to 85uA, allow-
ing the circuit to restart. If VCC remains above 9V, an al-
ternate restart will occur if VFWD is momentarily reduced
below 1V. External shutdown commands from any
source may be added into either the COUNT or CURLIM
pins.

Deadtime Control

The voltage waveform on RAMP has independently con-
trolled rising and falling edges. At the start of the clock
period, RAMP is at 1V and rises to 4V. It then discharges
back to 1V and awaits the next clock period. OUT can
only be high during the rising part of the waveform, while
it is positively blanked off during the falling portion. Set-
ting the —dV/dt slope by R4 from ISET to GND estab-
lishes a minimum deadtime as:

id=0.3e R4e Cp

UCC1570
UCC2570
UCC3570

Choose R4 between 20k and 200k and Cr greater than
50pF. In order to have a pulse at OUT in the next clock
period, RAMP must fall to 1V prior to the end of the cur-
rent period. If it does not, OUT will remain low for the en-
tire next clock period.

Voltage Feedforward

The +dV/dt on RAMP is made proportional to line volt-
age. The slope is:

av_ . VFWD
at (R3¢ CR)

where VFWD is line voltage scaled by R1 and R2. There-
fore, a changing line voltage will accomplish an immedi-
ate proportionate pulse width change without any action
from the feedback amplifier. This will result in constant
volt-second drive to the power transformer providing both
international voltage operation, and excellent dynamic
line regulation. VFWD is intended to operate over a 4:1
range (1V to 4V) with undervoltage and overveliage sen-
sors designed to drive OQUT low if this range is exceeded.
Choose R3 between 20k and 200k.

ViN
SUPPLY
ouT [ 4] ’\N\.——{I—-—
R9 j
CURLIM | 2 -+ AN :EITURN
<L.52 %Flcs
PGND 5J ¢ >
§HGND

GND @7-

Figure 1. UCC1570 typical application.



APPLICATION INFORMATION (cont.)
Frequency Set

A capacitor from FREQ to GND will determine a constant
clock frequency. Frequency is:

po_ 18
(R4ecy)

If required, frequency can be trimmed down from the
above equation by the addition of Ry from FREQ to
GND. The reduction in frequency is a function of the ratio
of Ry/R4. Ry should be greater than 2.4 « R4 for reliable
operation.

External synchronization can be accomplished by cou-
pling a narrow pulse to a resistor inserted in series with
the ground side of Ct The value should be less than
R4/200 and the synchronizing pulse width should be less
than 5% of the oscillator period.

External synchronization can also be accomplished by
driving FREQ with an CMOS inverter. The inverter must

UCC1570
UCcC2570
UCC3570

be able to sink (4 e [4) with at a voltage less than the
3.5V upper threshold of the oscillator. It must also be
able to source 36 = 14 at a voltage greater than the 1.5V
lower threshold of the oscillator. As long as FREQ is held
high, the output is guaranteed to be low.

Gate Drive Output

The UCC1570 is capable of 1A peak output current. By-
pass VCC with at least 0.1uF directly to PGND. Use a
capacitor with low equivalent series resistance and in-
ductance. The connection from OUT to the MOSFET
gate should have a 2Q or greater damping resistor and
the length should be minimized. A low impedance con-
nection must be established between the MOSFET
source (or the ground side of the current sense resistar),
the VCC bypass capacitor and PGND. PGND should
then be connected by a single path (shown as RGND in
the application) to GND.

R1 % OSCILLATOR
VEW
el e 1013 GLOGK
SLOPE =
R2Z -
1. = R8 ' e av
- VARIABLE FIXED
RAMP —
— ] & SLOPE ™y ¥~ SLOPE =
= Cn & RAMP _
1if T CAPACITOR -
W
=P
ser | D= —(Dos e
e Ly «—ia PWM I BLANKING
AANGE

HIGH Vin

FAULT Vin

Figure 2. Ramp and PWM waveforms.
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APPLICATION INFORMATION (cont.)
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Figure 3. Clock generator.
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Figure 4. External clock synchronization.
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Figure 5. Frequency dependence on RT/ R4 ratio.
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APPLICATION INFORMATION (cont.) UCC3570
Oscillator Frequency vs R4 - Oscillator Frequency Temperature Drift (%)
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PACKAGING INFORMATION

Orderable Device Status Package Type Package Pins Package Eco Plan Lead/Ball Finish ~ MSL Peak Temp Op Temp (°C) Top-Side Markings Samples
I Drawing Qty %) (3) (4)
UCC2570D OBSOLETE SOIC D 14 TBD Call Tl Call Tl -40 to 85 UCC2570D
UCC2570DG4 OBSOLETE SOIC D 14 TBD Call Tl Call Tl -40 to 85
UCC2570DTR OBSOLETE SolIC D 14 TBD Call Tl Call Tl -40 to 85 UCC2570D
UCC2570DTRG4 OBSOLETE SOIC D 14 TBD Call Tl Call Tl -40 to 85
UCC2570N OBSOLETE PDIP N 14 TBD Call Tl Call Tl -40 to 85 UCC2570N
UCC2570NG4 OBSOLETE PDIP N 14 TBD Call Tl Call Tl -40 to 85
UCC3570D OBSOLETE SolIC D 14 TBD Call Tl Call Tl 0to 70 UCC3570D
UCC3570DG4 OBSOLETE SOIC D 14 TBD Call Tl Call Tl 0to 70
UCC3570DTR OBSOLETE SOIC D 14 TBD Call Tl Call Tl 0to 70 UCC3570D
UCC3570DTRG4 OBSOLETE SOIC D 14 TBD Call Tl Call Tl 0to 70
UCC3570N OBSOLETE PDIP N 14 TBD Call Tl Call Tl 0to 70 UCC3570N
UCC3570NG4 OBSOLETE PDIP N 14 TBD Call Tl Call Tl 0to 70
UCC3570Q OBSOLETE PLCC FN 20 TBD Call Tl Call Tl 0to 70
UCC3570QTR OBSOLETE PLCC FN 20 TBD Call Tl Call Tl 0to 70

® The marketing status values are defined as follows:

ACTIVE: Product device recommended for new designs.

LIFEBUY: Tl has announced that the device will be discontinued, and a lifetime-buy period is in effect.

NRND: Not recommended for new designs. Device is in production to support existing customers, but Tl does not recommend using this part in a new design.
PREVIEW: Device has been announced but is not in production. Samples may or may not be available.

OBSOLETE: Tl has discontinued the production of the device.

@ Eco Plan - The planned eco-friendly classification: Pb-Free (RoHS), Pb-Free (RoHS Exempt), or Green (RoHS & no Sh/Br) - please check http://www.ti.com/productcontent for the latest availability
information and additional product content details.

TBD: The Pb-Free/Green conversion plan has not been defined.

Pb-Free (RoHS): TI's terms "Lead-Free" or "Pb-Free" mean semiconductor products that are compatible with the current RoHS requirements for all 6 substances, including the requirement that
lead not exceed 0.1% by weight in homogeneous materials. Where designed to be soldered at high temperatures, Tl Pb-Free products are suitable for use in specified lead-free processes.
Pb-Free (RoHS Exempt): This component has a RoHS exemption for either 1) lead-based flip-chip solder bumps used between the die and package, or 2) lead-based die adhesive used between
the die and leadframe. The component is otherwise considered Pb-Free (RoHS compatible) as defined above.

Green (RoHS & no Sh/Br): Tl defines "Green" to mean Pb-Free (RoHS compatible), and free of Bromine (Br) and Antimony (Sb) based flame retardants (Br or Sb do not exceed 0.1% by weight
in homogeneous material)

@ MSL, Peak Temp. -- The Moisture Sensitivity Level rating according to the JEDEC industry standard classifications, and peak solder temperature.

Addendum-Page 1
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@ Multiple Top-Side Markings will be inside parentheses. Only one Top-Side Marking contained in parentheses and separated by a "~" will appear on a device. If a line is indented then it is a
continuation of the previous line and the two combined represent the entire Top-Side Marking for that device.

Important Information and Disclaimer:The information provided on this page represents Tl's knowledge and belief as of the date that it is provided. Tl bases its knowledge and belief on information
provided by third parties, and makes no representation or warranty as to the accuracy of such information. Efforts are underway to better integrate information from third parties. Tl has taken and
continues to take reasonable steps to provide representative and accurate information but may not have conducted destructive testing or chemical analysis on incoming materials and chemicals.
Tl and Tl suppliers consider certain information to be proprietary, and thus CAS numbers and other limited information may not be available for release.

In no event shall TI's liability arising out of such information exceed the total purchase price of the Tl part(s) at issue in this document sold by Tl to Customer on an annual basis.
OTHER QUALIFIED VERSIONS OF UCC2570 :

o Automotive: UCC2570-Q1

NOTE: Qualified Version Definitions:

o Automotive - Q100 devices qualified for high-reliability automotive applications targeting zero defects

Addendum-Page 2
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MECHANICAL DATA

N (R—PDIP—T**) PLASTIC DUAL—-IN—-LINE PACKAGE
16 PINS SHOWN
A oM PINS ™1 44 16 18 20
16 9
e s e e ) A MAX (?'97,;3) (?97,53) (g'sgé% (;6022)
0.745 | 0745 | 0.850 | 0.940
D) %&2?8; A MN (18,92) | (18,92) | (21,59) | (23,88)
P ey ey ey g ey g g Yo\ VXS‘;?%N A BB AC AD
w J L 8
0.070 (1,78)
0045 (118
0.045 (1,14) _
—» rom(om A\ 0.020 (0,51) MIN %

5 0.015 (0,38)
0.200 (5,08) MAX

\ TGouge Plane
+ Y L Seating Plane
? 0.125 (3,18) MIN (0,25) NOM

J 0.430 (10,92) MAX

\
!
-

| o —

0.021 (0,53)
0.015 (0,38)

[-€]0.010 (0,25) W]

)

U 14/18 Pin Only A

- 20 Pin vendor option

4040049/€ 12/2002

NOTES:  A. All linear dimensions are in inches (millimeters).
B. This drawing is subject to change without notice.

@ Falls within JEDEC MS—001, except 18 and 20 pin minimum body length (Dim A).
@ The 20 pin end lead shoulder width is a vendor option, either half or full width.

b TExAS

INSTRUMENTS
www.ti.com



MECHANICAL DATA

D (R—PDSO—G14)

PLASTIC SMALL QUTLINE

0.344 (8,75)
‘ 0.337 (8,55)
&
14 W 8
0.244 (6,20)
0.228 (5,80)
i < - - T 0157 (4,00)
\ 0.150 (3,80) A
| |
aln I ﬁ sl
1 7
Pin 1 0.020 (0,51)
Index Area m
[-6-]0.010 (0,25) W]
/ \ A\ \
v . v \ J\ ; /k
0.010 ( \ e
— 0.069 (1,75) Max 0004
0010 (0.25) / ﬁ
0.005 (0,13)1 )/
/ ‘ \
. 1 | // | []0.004 (0,10)
Gauge Plane - !
%D — x Seating Plane
0.010 (0,25) 08" N o7
~_] L __—
0.050 (1,27)
0.016 (0,40)
4040047-5/M  06/11

NOTES: All linear dimensions are in inches (millimeters).

This drawing is subject to change without notice.

not exceed 0.006 (0,15) each side.
Body width does not include interlead flash.
Reference JEDEC MS—012 variation AB.

B e

Body length does not include mold flash, protrusions, or gate burrs.

Mold flash, protrusions, or gate burrs shall

Interlead flash shall not exceed 0.017 (0,43) each side.

wi3 TExas
INSTRUMENTS
www.ti.com



MECHANICAL DATA

MPLC004A — OCTOBER 1994

FN (S-PQCC-J*¥)
20 PIN SHOWN

PLASTIC J-LEADED CHIP CARRIER

Seating Plane

|~ 0.004 (0,10)

0.180 (4,57) MAX
0.120 (3,05)

=

N

0.090 (2,29)
4— 0.020 (0,51) MIN

)_

/ 0.032 (0,81)
0.026 (0,66)
4 18
1 ] l 4': D2/E2
E E1 |: :| T
I: :I i D2/E2
8] ] 14
) — |
AN N N O B | 0.050 (1,27) 0.021 (0,53)
9 13 0.013 (0,33)
0.008 (0,20) NOM —! L | ] 0.007 (0,18) )]
NO. OF D/E D1/E1 D2/E2
PINS
* MIN MAX MIN MAX MIN MAX
20 0.385(9,78) | 0.395(10,03) | 0.350(8,89) | 0.356(9,04) | 0.141(3,58) | 0.169 (4,29)
28 0.485 (12,32) | 0.495 (12,57) | 0.450 (11,43) | 0.456 (11,58) | 0.191 (4,85) | 0.219 (5,56)
44 0.685 (17,40) | 0.695 (17,65) | 0.650 (16,51) | 0.656 (16,66) | 0.291(7,39) | 0.319 (8,10)
52 0.785(19,94) | 0.795(20,19) | 0.750 (19,05) | 0.756 (19,20) | 0.341 (8,66) | 0.369 (9,37)
68 0.985 (25,02) | 0.995 (25,27) | 0.950 (24,13) | 0.958 (24,33) | 0.441 (11,20) | 0.469 (11,91)
84 1.185(30,10) | 1.195(30,35) | 1.150 (29,21) | 1.158 (29,41) | 0.541 (13,74) | 0.569 (14,45)
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NOTES: A. Alllinear dimensions are in inches (millimeters).

B. This drawing is subject to change without notice.
C. Falls within JEDEC MS-018
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IMPORTANT NOTICE

Texas Instruments Incorporated and its subsidiaries (TI) reserve the right to make corrections, enhancements, improvements and other
changes to its semiconductor products and services per JESD46, latest issue, and to discontinue any product or service per JESD48, latest
issue. Buyers should obtain the latest relevant information before placing orders and should verify that such information is current and
complete. All semiconductor products (also referred to herein as “components”) are sold subject to TI's terms and conditions of sale
supplied at the time of order acknowledgment.

Tl warrants performance of its components to the specifications applicable at the time of sale, in accordance with the warranty in TI’s terms
and conditions of sale of semiconductor products. Testing and other quality control techniques are used to the extent Tl deems necessary
to support this warranty. Except where mandated by applicable law, testing of all parameters of each component is not necessarily
performed.

Tl assumes no liability for applications assistance or the design of Buyers’ products. Buyers are responsible for their products and
applications using Tl components. To minimize the risks associated with Buyers’ products and applications, Buyers should provide
adequate design and operating safeguards.

Tl does not warrant or represent that any license, either express or implied, is granted under any patent right, copyright, mask work right, or
other intellectual property right relating to any combination, machine, or process in which Tl components or services are used. Information
published by Tl regarding third-party products or services does not constitute a license to use such products or services or a warranty or
endorsement thereof. Use of such information may require a license from a third party under the patents or other intellectual property of the
third party, or a license from Tl under the patents or other intellectual property of TI.

Reproduction of significant portions of Tl information in Tl data books or data sheets is permissible only if reproduction is without alteration
and is accompanied by all associated warranties, conditions, limitations, and notices. Tl is not responsible or liable for such altered
documentation. Information of third parties may be subject to additional restrictions.

Resale of TI components or services with statements different from or beyond the parameters stated by Tl for that component or service
voids all express and any implied warranties for the associated Tl component or service and is an unfair and deceptive business practice.
Tl is not responsible or liable for any such statements.

Buyer acknowledges and agrees that it is solely responsible for compliance with all legal, regulatory and safety-related requirements
concerning its products, and any use of Tl components in its applications, notwithstanding any applications-related information or support
that may be provided by TI. Buyer represents and agrees that it has all the necessary expertise to create and implement safeguards which
anticipate dangerous consequences of failures, monitor failures and their consequences, lessen the likelihood of failures that might cause
harm and take appropriate remedial actions. Buyer will fully indemnify Tl and its representatives against any damages arising out of the use
of any Tl components in safety-critical applications.

In some cases, Tl components may be promoted specifically to facilitate safety-related applications. With such components, TI's goal is to
help enable customers to design and create their own end-product solutions that meet applicable functional safety standards and
requirements. Nonetheless, such components are subject to these terms.

No Tl components are authorized for use in FDA Class Il (or similar life-critical medical equipment) unless authorized officers of the parties
have executed a special agreement specifically governing such use.

Only those Tl components which Tl has specifically designated as military grade or “enhanced plastic” are designed and intended for use in
military/aerospace applications or environments. Buyer acknowledges and agrees that any military or aerospace use of Tl components
which have not been so designated is solely at the Buyer's risk, and that Buyer is solely responsible for compliance with all legal and
regulatory requirements in connection with such use.

Tl has specifically designated certain components as meeting ISO/TS16949 requirements, mainly for automotive use. In any case of use of
non-designated products, Tl will not be responsible for any failure to meet ISO/TS16949.
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